Introduction {#s1}
============

The benefits of regular exercise on overall health are well known. Regular physical activity leads to primary and secondary prevention, and significant mortality reduction, from a number of chronic diseases, including obesity, coronary heart disease, heart failure, depression, dementia, cancer \[[@R01]-[@R04]\]. Conversely, physical inactivity is the fourth leading cause of death globally, accounting for 3.2 million deaths annually \[[@R05]\]. To promote and maintain health, most guidelines, including the World Health Organization's "Physical Activity for Health", recommend at least 150 min moderate exercise per week, which is considered equivalent to walking 10,000 steps daily \[[@R05]-[@R07]\]. Daily physical activity is frequently estimated through the use of surveys, such as the international physical activity questionnaire (IPAQ) \[[@R08], [@R9]\], or measured with pedometers \[[@R10], [@R11]\].

Physician well-being has been associated with patient safety. Lack of exercise, stress, and sleep deprivation result in impaired learning, poor work performance, and medical errors \[[@R12]-[@R14]\]. By contrast, physicians who exercise regularly have improved productivity and provide more efficient patient counseling and motivation \[[@R15]-[@R20]\].

Anecdotally, the perception of many anesthesiologists, particularly in large, busy academic centers such as ours, is that significant and sufficient amounts of physical activity occur within daily work patterns. Anesthesiologists, particularly attending anesthesiologists, perform and supervise a number of cases daily, often involving large cumulative distances and thus, physical activity. We designed the current study to determine and compare the total physical activity of attending and resident anesthesiologists at and outside work. We hypothesized that few anesthesiologists would achieve the recommended daily level of physical activity, as measured by number of steps, while at work, and that attending anesthesiologists would achieve a greater number of steps than senior and junior residents.

Methods {#s2}
=======

Following institutional review board/human research committee approval and registration with ClinicalTrials.gov (NCT01989494), all anesthesiology attendings and residents from the Department of Anesthesiology, Perioperative and Pain Medicine at the Brigham and Women's Hospital were invited to participate in the study through an announcement during the Department Grand Rounds and a single departmental email message. The inclusion criteria were: willingness to participate, full time clinical appointment and assignment in the Main Operating Room for five regular, non-call days. Subjects were excluded if unable to complete the study, or possessing limitations to physical activity or pregnant. A total of 45 subjects were divided equally into three groups: attending, senior resident (postgraduate year (PGY) 3 and 4), and junior resident (PGY2) anesthesiologists.

Participants wore a triaxial pedometer (PedUSA Model PE771, Warminster, PA), and kept daily logs of the number of steps walked, the number of patients, and the operating room (OR) location. The pedometers were turned on and off upon arrival and departure from assigned lockers in the hospital. Before the collection of data, the accuracy of pedometer readings was verified for each participant through a manual step count over a 100-foot distance. The Brigham and Women's Hospital Main Operating Room Suite is organized on a pavilion, subspecialty principle with the Recovery Room and Pharmacy located equidistant from all OR locations included in this study. Participants also recalled their total physical activity outside of work over 7 days by completing the International Physical Activity Questionnaire (IPAQ), short version ([www.ipaq.ki.se](http://www.ipaq.ki.se)). Total physical activity outside work was calculated in steps per day, using a standardized, accepted conversion of 60 min of brisk walking resulting in 6,000 steps or 198 metabolic equivalent of task (MET)-minutes \[[@R07]\].

Continuous variables are presented as mean ± standard deviation (SD) and categorical variables are presented as number, percent. The comparisons between the groups were performed using the analysis of variance (ANOVA) test followed by Bonferroni correction for continuous variables or Chi-square and Fisher exact test for categorical variables. Multivariate linear regression was used to study the relationship between continuous variables and to account for possible confounding factors such as age, body mass index (BMI) and number of cases for the day. The statistical software STATA 12.1 was used with significance reported if P \< 0.05.

Results {#s3}
=======

From a total of 45 participants, data were excluded from one attending and one senior resident who dropped out of the study; three subjects had some missing data but were kept in the study. Participant characteristics and the OR assignment are provided ([Table 1](#T1){ref-type="table"}). Attending anesthesiologists were significantly older than residents (P \< 0.0001), and had a higher BMI than the junior residents (P = 0.02). There were no differences in gender composition among the groups (P = 0.09). The attending anesthesiologists had more cases (4.9 ± 1.2) per day, compared to senior (2.5 ± 0.6) and junior residents (2.7 ± 0.7) (P \< 0.00001). Attending anesthesiologists did most of their work in orthopedic, general and ambulatory surgery, senior residents in general, thoracic and neurosurgery, and junior residents in ambulatory, orthopedic and neurosurgery.

###### Subject Characteristics

                                      Junior residents (n = 15)   Senior residents (n = 14)   Attendings (n = 14)   P value
  ----------------------------------- --------------------------- --------------------------- --------------------- --------------
  Age (years)                         29 ± 2                      32 ± 4                      44 ± 9                \< 0.0001\*
  BMI (kg/m^2^)                       21 ± 3                      24 ± 3                      25 ± 3                0.02\#
  Male gender, n (%)                  3 (20)                      8 (57)                      5 (36)                0.09
  Average cases per day               2.7 ± 0.7                   2.5 ± 0.6                   4.9 ± 1.2             \< 0.00001\*
  Operating room location, days (%)                                                                                 
    Neurosurgery                      14 (19)                     14 (21)                     4 (6)                 
    Ambulatory surgery                24 (32)                     2 (3)                       18 (26.5)             
   General surgery                    13 (17)                     19 (29)                     19 (28.5)             
   Thoracic surgery                   10 (13)                     13 (20)                     5 (7)                 
   Orthopedic surgery                 14 (19)                     9 (14)                      22 (32)               
   Vascular surgery                   0 (0)                       8 (12)                      0 (0)                 
   Cardiac surgery                    0 (0)                       1 (1)                       0 (0)                 

BMI: body mass index. All values are mean ± standard deviation or number (percent). \*Significance between attendings versus junior and senior residents. \#Significance between attendings versus junior residents.

During work, the average number of steps decreased from attending to junior and senior resident anesthesiologists (5,953 ± 1,213, 5,710 ± 1,513, and 5,153 ± 905, P = 0.2), respectively ([Table 2](#T2){ref-type="table"}). Only two anesthesiologists on three different days fulfilled the 10,000 steps daily requirement at work. There were no correlations between the average number of steps and cases per day, or the amount of physical activity at and outside of work, even after adjusting for the number of cases per day.

###### Results

                                        Junior residents (n = 15)   Senior residents (n = 14)   Attendings (n = 14)   P value
  ------------------------------------- --------------------------- --------------------------- --------------------- ---------
  At work                                                                                                             
    Average steps per day               5,710 ± 1,513               5,153 ± 905                 5,953 ± 1,213         0.2
    Average steps per case              2,261 ± 963                 2,189 ± 766                 1,275 ± 425           0.002\*
  Outside of work                                                                                                     
    Vigorous PA, MET-minutes per week   779 ± 751                   1,422 ± 1,182               969 ± 1395            0.3
    Moderate PA, MET-minute per week    272 ± 309                   875 ± 658                   292 ± 461             0.004§
    Walking, MET-minutes per week       737 ± 679                   1,294 ± 1,477               913 ± 778             0.4
    Total PA, MET-minutes per week      1,788 ± 1,089               3,592 ± 1,626               2,104 ± 1,594         0.005§
    Level 3, HEPA active, n (%)         4 (27)                      11 (78.5)                   3 (21)                0.002§
    Converted PA, steps per day         7,739 ± 4,712               15,548 ± 7,038              9,110 ± 6,900         0.005§
  Total                                                                                                               
    Total steps per day                 13,449 ± 4,675              20,823 ± 7,001              15,197 ± 6,715        0.009§

PA: physical activity; MET: metabolic equivalent of task; HEPA: health-enhancing physical activity. All values are mean ± standard deviation or number (percent). \*Significance between attendings versus junior and senior residents. §Significance between senior residents versus attendings and junior residents.

Outside of work, the senior residents did more moderate exercise (875 ± 658 MET-minutes/week) compared to the junior residents (272 ± 309 MET-minutes/week) and attendings (292 ± 461 MET-minutes/week), P = 0.004 ([Table 2](#T2){ref-type="table"}). Similarly, the total physical activity was higher in senior residents (3,592 ± 1,626 MET-minutes/week) compared to junior residents (1,788 ± 1,089 MET-minutes/week) and attendings (2,104 ± 1,594 MET-minutes/week) (P = 0.005). Based on IPAQ analysis, only 27% of junior resident and 21% of attendings met the requirement for health-enhancing physical activity, while 78.5% of the senior residents satisfied that level of activity (P = 0.002). When converted to daily steps, the average outside of work physical activity was equivalent to 7,739 ± 4,712 steps per day for junior resident; 15,548 ± 7,038 steps per day for senior resident and 9,110 ± 6,900 steps per day for attending anesthesiologists (P = 0.005).

When combining the exercise at work and outside work, most anesthesiologists met the recommended daily 10,000 steps, P \< 0.009.

Discussion {#s4}
==========

In our study, we observed that anesthesiologists of all levels who were assigned to work in the OR of a large, tertiary care medical center did not achieve the WHO recommended daily activity level at work; no significant differences were observed in the number of steps among attending, senior and junior residents, and no association was found to age, gender, BMI or workload. When physical activity within and outside of work was combined, most anesthesiologists achieved the recommended daily activity level; overall, senior residents had the highest total activity level.

Approximately 50% of recommended daily activity levels were achieved by work related physical activity for all anesthesiologist levels. These findings are consistent with other reports of occupational physical activity among anesthesiologists, although global differences appear to exist. Whereas tertiary care cardiac attending and fellow anesthesiologists in the United States walked an average of 5,553 ± 1,762 daily steps \[[@R21]\], consultant anesthesiologists in Australia and consultant and trainee anesthesiologists in the United Kingdom walked an average of 4,770 (range 1,667 - 9,630) \[[@R22]\] and 3,694 (range 1,444 - 7,712) \[[@R23]\], respectively. By contrast, in Japan, the physical activity of anesthesiology supervisors, instructors, and residents was observed to be 11,599, 8,399, and 7,249, respectively \[[@R24]\].

The distinct difference between attending and resident anesthesiologists in Japan \[[@R24], [@R25]\], which contrasts to our findings and the reports cited from Australia and the United Kingdom \[[@R23]\] likely reflects variations in trainee supervision. In our practice, one attending anesthesiologist supervises two ORs, each with a resident anesthesiologist; by contrast, in Japan, two attending anesthesiologists supervise 12 ORs with a total of 10 - 12 residents. Differences in expectations for intraoperative teaching may also exist and alter physical activity; our attending-trainee dyads spend significant amounts of time during each case to discuss relevant topics.

Outside of work, the majority of senior resident anesthesiologists achieved a higher amount of exercise than attending and junior resident anesthesiologists. Although the reasons for these findings were not examined in our study, physicians have observed differences in the level of engagement with exercise, due to time prioritization, attitude towards exercise and family commitments. A study of consultant anesthesiologists in Australia found that the main reasons not to engage in regular exercise included being too busy (70%), family commitments (67%), fatigue (40%) and lack of interest (18%) \[[@R22]\]. In internal medicine, a large survey of attendings, fellows, residents, and medical students in the United States, found attendings and medical students more likely to meet established physical activity guidelines \[[@R26]\]. Internal medicine attendings in other studies have reported higher levels of exercise than residents \[[@R27]\], with only 41% of medicine residents meeting the requirements for adequate physical exercise \[[@R28]\]; interestingly, residents expressed more negative attitudes regarding exercise, with attendings being more willing to engage in exercise programs. In Canada, medical residents had lower physical activity levels than medical students \[[@R29]\].

Our study has several limitations. First, the participation in our study was introduced to our department at a Grand Rounds presentation and by email and was completely voluntary, which may have attracted the most active participants. Additional limitation is the small number of study participants. These potential biases may have been mitigated by our sample size representing approximately 50% of our resident component. Second, although we measured number of steps at work as a surrogate for physical activity, anesthesiologists do a variety of manual activities in their daily work patterns, including moving stretchers and equipment, lifting patients, and applying and removing monitors. An alternative approach could have been tracking energy expenditure \[[@R25]\], but these measurements have been shown to be unreliable between different brands of accelerometers \[[@R11], [@R30]\]. Third, although it would have been potentially valuable to specifically evaluate and contrast the daily physical activity of the attending-trainee dyads assigned to work together, we opted against this given the potential conflict this may have presented to those responsible for making the clinical schedule. Fourth, it is possible that our study subjects intentionally performed more steps due to the availability of the pedometer and participation in our study. To minimize this effect, we instructed participants to be aware of this bias and that the intent was not to "beat" their daily activity average each day; better mechanisms would have been to blind participants to the results of their activity meters and have more expensive devices that would allow remote recording of the daily totals; however, we required that our participants record and reset their pedometers each day. Fifth, physical activity after work hours was quantified using the IPAQ, which does not have a tight correlation with objective measures for exercise \[[@R31]\]. We decided to proceed with this method, due to its wide use \[[@R22], [@R23], [@R26], [@R27]\] and ability to record a variety of activities like swimming and cycling, which cannot be quantified with pedometers. Sixth, both parts of the study depended on subjects robustly and honestly recording their pedometer results and IPAQ questionnaire, which has the potential to introduce validity bias. In addition, it is possible that some of the differences between the observed groups in our study result from the different OR location, which also may limit the external validity of our study. To minimize this bias, we excluded physicians working at remote locations like endoscopy and labor floor.

Many reasons have been cited for anesthesiologists, as well as other physicians, not to engage in a regular exercise programs, including family commitments, lack of time, and attitudes towards exercise and fatigue \[[@R22], [@R27]\]. Residency is considered a stressful time for physicians and there are numerous guidelines about promotion of healthy lifestyle with restriction of work hours and sufficient time to rest. However, there is insufficient objective data whether other measures of healthy lifestyle, like physical activity, are being adequately promoted or achieved. We find that the beginning of residency is associated with the highest period of physical inactivity. Studies from other industries have shown that adequate physical activity can improve psychological and overall health and decrease the number of days absent from work \[[@R32], [@R33]\]. Residents tend to express higher stress levels when there is a lack of exercise \[[@R27]\] and as a consequence, further studies regarding barriers to exercise, especially early in residency, are needed. Possible solutions from other industries include workplace health promotion programs \[[@R34], [@R35]\], incorporating short physical activity breaks during the day \[[@R36]\], and addressing motivational barriers \[[@R37]-[@R39]\].

Conclusion {#s4a}
----------

The success and perhaps longevity of an individual's career can be influenced by health habits including physical activity, but this connection is infrequently promoted in training and physician wellness programs \[[@R40]\]. The daily physical activity of faculty and trainee anesthesiologists at work in a busy tertiary care is low active. However, when additional physical activity is pursued outside of work, most anesthesiologists met recommended daily levels of activity. These results highlight the need to pursue additional physical activity outside of work, and can assist in promoting awareness of a healthy lifestyle.
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